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Introduction

In the context of a sustainable energy transition, Europe is facing an increasing demand for critical raw materials (CRM). Mining wastes (MW) constitute a potential resource for the supply of CRMs, but conventional exploitation techniques may not be economically and technically feasible for the extraction and purification of these materials, particularly when the metals of interest are present at low concentrations.

For sulfidic MW, bioleaching rises as an interesting and viable option. In bioleaching using autotrophic bacteria, CO2 is the main carbon source and O2 the main electron acceptor for the oxidation of iron and sulfur. The supply of these gases is fundamental for the optimization of sulfide oxidation, CRM dissolution and, hence, CRM recovery.

Therefore, the main objective of this work was to study the effect of CO2 and O2 content in the gas phase on the bioleaching of sulfidic mining wastes in order to optimize the gas supply of the process.

Material and methods

Experiments were performed in a pilot set-up consisting in four double-jacketed stirred tank reactors connected in series, as shown in Figure 1A, which were supplied with gas (air, CO2 and/or a combination of N2, O2 and CO2 at the desired proportion). The working volume was 51 L for the primary reactor and 21 L for the three secondary reactors. The substrate consisted in a mining waste from the Iberian pyritic belt in Spain containing 70% of pyrite, about 2% of Cu and a small concentration of CRM (mainly Co and Sb). The microbial consortium used was mainly composed of Leptospirillum ferriphilum, Acidithiobacillus caldus and Sulfobacillus spp. Experiments were run at 42 °C and with 15% (w/w) of solid content. Three operating conditions were tested in terms of gas supply: I) gas phase constituted only by air; II) gas phase constituted by air enriched with relative pressure of 0.5% of CO2; and III) a mix of N2, O2 and CO2 in a relative proportion of 69.5:30:0.5 in R1 and R2 and the same gas phase composition as in condition II for R3 and R4. For each operating condition, the total gas flow was adjusted to avoid limitations in O2 reflected by a decrease in the dissolved oxygen concentration to values lower than 2 mg.L -1 . Bacterial community distribution was monitored by t-RFLP.

Figure 1 A) Experimental set-up and B) Cumulative sulfide yield in each reactor

Results and Conclusions

A CO2 limitation was detected in condition I, in which only air was fed to the reactors.

This was observed specifically in the primary reactor (R1), where the sulfide dissolution yield was low (12%), as shown in Figure 1B. This is consistent with the fact that microbial growth occurs mainly in this reactor. When CO2 was added to the gas phase (condition II), an increase in the sulfide dissolution yield was observed in R1 but lower cumulative dissolution yields were observed in the secondary reactors. This was due to an increase in the oxygen uptake rate (OUR) caused by the increase of the active biomass and the oxidizing activity, which in turn caused an O2 limitation. Finally, for condition III, an increase in the partial pressure of O2 in R1 and R2 enhanced sulfide 
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  dissolution and increased the cumulative sulfide dissolution yield up to 88% in R4. The proportion of L. ferriphilum in the microbial population was lower in condition I compared to conditions II and III. Kinetic models were fit for each condition and calculations of oxygen and carbon uptake rate for each reactor were done according to Guezennec et al. (2018) 1 and Guezennec et al (2017) 2 . This research work demonstrates the importance of a sufficient supply of CO2 and O2 for the bioleaching process. Gas-liquid mass transfer considerations must always be considered in the study and the upscaling of the process. Acknowledgments: This work is part of the European collaborative research project RAWMINA, funded by the European Union's Horizon 2020 research and innovation program under grant agreement N° 958252.